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THE EFFECT OF SPANWISE MASS DISTRIBUTION UPON
THE SPIN CHARACTERISTICS CF AIRPLANES
43 DETERMINED BY MODEL TESTS COMDUCTED
I¥ THE FREE-SPINNING WIND TUNNEL

By hobert W. Kamm
SUMMARY

Previous work has shown certain characteristic dif—
ferences in the spins of single—engine and multiengine
aircraft, The multiengine aircraft have almost invariably
syun at low angles of attack with high rates of descent
and large load factors and the elevator has been the mcst
effective control for recovery. The spins of the single—
engine aircraft, however, have varied through a wide range

of angles of attack and the rudder has been the most ef-
fective control for recovery.

This investigation was intended to determine whether
the difference in the spanwise loading of the two types of
aircraft was responsible for the differences in spin char—
acteristics, particularly as regards the angle of attack.
Six models, five of single—engine and one of a multiengine
airecraft, were tested. The spanwise loadings of the single-—
engine models were increased greatly and the spanwise load-
ing of the multiengine model was decreased.

The model test results indicated that the spanwise
loading does not control the angle of attack of an airplane
in a spin, but that i1t does influence the relative effec—
tiveness of the ailerons and the elevator on recovery.

INTRODUCT lOW

In reference 1, certain characteristic differences
between the spins of single—engine and multiengine air—
craft, as indicated by model tests in the free— spinning
wind tunnel, have been presented. For models of multi—



engine aircraft, the spin® hawgialmost invariably been
at low angles of attack with high rates of descent. The
elevator has been the most effective control for recovery.
For models ¢of slngle—engine aircraft , however, the spins
obtained have covered a wide range varying from steep
spins with high rates of descent to flat spins with low
rates of descent. The rudder has been the most effective
control for recovery.

Reference 1 suggested the differences in load distri—
bution between the two types of aircraft as a possible
reason for the different spinning characteristics. The
loading of multiengine aircraft differs from that of
single—engine aircraft in that a greater proportion of the
load is carried in the wing and a smaller proportion is
carried in the fuselage. Reference 2 indicated that the
type of loading is important in determining the relative
effectiveness of the elevator and rudder controls for
recovery.

The objeect of the present investigation was to estab-—
lish the importance of spanwise loading in determining the
differences between the spins of the two types of aircraft. .
The variation of the angle cf attack with the loading was
considered of especial importance because the attitude in
the spin determines the load factor, which may be critical
for Large airplanes. The investigation consisted of tests
of five models representative of single—engine aircraft
and one model of a multiengine aircraft. The spanwise
loadings of the single— engine models were increased to ex—
ceed a value representative of multiengine aircraft; while
the spanwise loading of the multiengine model was decreased
in an attempt to reach a value representative of single-
engine aircraft. If the spanwise loading were the pre-—
dominating factor, the spinning characteristics would pre—
sumably change as the loading was varied.

MODELS AND TESTS

Six models, five of single—engine and one of a multi—
engine aircraft, were used in the investigation. Photo-
graphs of the models are shown in figures 1to 6. One
basis used in selecting the single—engine models was to
cover a wide range of aerodynamic characteristics, such
as wing and tail arrangement, and tail-damping power fac-
tors as defined in reference 3. Another basis of selec~
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tion was that the normal spins be fairly flat so that a
steepening due to change in load distribdution could be
detected. The dimensional characteristics of the siX

models are compared in table I,

For the investigation of the single—engine models,

the proportion of the load carried in the wingsawas irzx-—
k -k
. . X Y

creased in several steps until the value of —————g——-

(where b is the span, ky the radius of gyration about
the X axis, and ky the radiuws of gyration about the Y
axis) became greater than 59 x 10~%, which was given in
reference 1 as an average value! for multiengine aircraft.

k.2 — ky? : .
The term —X—————=—, Which is generally called the in-
B
ertia yawing—moment parameter and which, for convenience,
will be abbreviated as IYMP, determines the inertia yaw—

ing moment for a given attitude and rate of rotation,

The changes were obtained by adding ballast weights
to the wings of the mocels, thereby increasing kg, The
increase in mass caunsed by adding the wing weights was
less than 10 percéent of the total mass of the model in
every case and weas neglected in appraising the data.
This procedure did not given typical multiengine vglues

k - k

of either the inertia rolling-moment parametgr i S
kg~ — kg2 b?

or the-inertia pitehing—moment paraneter —“";—“‘“‘ (kz

is the radius of gyration about the Zz axis), The value
of the inertia rolling-moment parameter was greater nega-—
tively and the value of the inertia pitching—moment param-—
eter was greater positively at the extreme loading condi-
tions than typical multiengine values.

For the rnultiengine nodel, the endeavor was made to
obtain a typical single-engine value of the IYMP. Refer-
ence 1 gives this value as =78 x 107°. As a first step,
the loading along the wings was decreased by removing the
nacelle ballast weights and installing them in the fuse-
lage, It was necessary to construct a false nose on the
model to house these weights, but the aerodynamic effect
of the housing was believed to be slight. As a further
decrease in the spanwise loading was impracticable,
weight was added along the fuselage, thereby increasing

kY until the desired value of* the IYMP was obtained.



The values of the parameters of the models for the
conditions tested are listed in table II,

All the models had been previously tested extensively.
Inasmuch as increases in weight may have resulted in the
course of early repairs, the actual conditions tested as
the normal loadings were probably slightly different from
those listed in the tables. As the subject tests were
intended to show the effects of large variations in span-—
wise mass distribution, the differences were considered
unimportant.

The aerodynamic effect of engine nacelles on the spin-—
ning characteristics was evaluated by removing the nacelles
from the multiengine model and installing them on a single—
engine model,

The models were tested in the NACA 15- foot free—
spinning wind tunnel of the Langley Memor Tal Aeronautical
Laboratory. The wind tunnel and the testing technique are
described in reference 4. Complete measurements were made
of only the steady— spincharacteristics of the models.
Reference 2 deals with the effects of load distribution
on recovery characteristics,

RESULTS

The results of the investigation are given on charts
1to 6. The steady-spin parameters presented on the
charts were determine by the methods described in refer—
ence 4 and have been converted to corresponding full—scale
values.

The following symbols are used:

a acute angle between thrust axis and vertical (approxi-—
mately equal to angle of attack) .

9 angle vetwesn span axis and horizontal, considered
positive when the right wing IS down

V true rate of descent, feet per second
Q angular velocity about spin axis, radians per second

All these quantities occur in the expressions for the
inertia moments acting during a spin, The 1lead factor
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normal to the airplane thrust axis was computed. as 1/sina
on the assumptions that the resultant force in a spin is
normal to the thrust axis and that the vertical component
of the resultant force is equal to the weight of the air—
plane. Yhere recovery data are presented, recoveries

were generally attempted by full rudder reversal, although
in some instances, which are noted, both the rudder and
the elevator were reversed simultaneously. All data are
for right— hand spins, *®Ailerons with the spin"™ therefore
means right aileron up and left aileron down.

The test results presented on the charts are believed
to be the true values within the following limits:

. . [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] u [ ] [ ] LI izo
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| ] L} L ] L ] L} L ] L ] L ] L} L ] L ] L] L ] L ] L ] L} L ] j:a percent
L ] L] L ] L} L ] L ] L] L ] L] L ] L] L ] L] L ] L ] [ ] | ] [ ] iz percent
Turns fOr recovery .« « « « = « « » « #1/4 turn

Tre preceding limits nay have bteen exceeded for certain
spins where It was difficult to handle the model. in the
tunnel, owing to the righ airspeed or to the wandering or
oscillatory nature of the spin,

For model I (table li, chart 1) ir the normal loading
condition the IY'P equalled —97 x 10—% and all spins with
the ailerons either neutral or against the spin were fairly
flat (a from 53° to 62°): while the 2ileron~with spins
anneared to be quite steep, There appeared to be very
little difference in attitude between the spins with the
elevator down or up.

When the spanwise mass was' increased until the value
of the IYMP was —24 x 10-% (condition 1), all spirs with
the elevator neutral or down were at an angle of attack
of approximately 43°., The spins obtained with the ele-
vator up were still flat with the possible exception of
the aileron— with spin, which was too wandering to test
comple tely .

When the spanwise mass was further increased until
the value of the IYMP was 62 x 10—*, the aileron effect
definitely reversed, as the aileron— with spins were now
flat (o« from 51° to 63°) and elevator—up was the only



control setting for whieh the model would spin when the
ailerons were against the spin. The model also would not
spin when the silerons were neutral and the elevator was
down. In the subsequent discussion this result shall be
considered as a reversal of the elevator effect for
single—engine airplanes. Increasing the spanwise mass
still further to a value of 90 x 10-% for the IPMP had no
additional effect, The aileron— with spins were flatter
than corresponding spins usually obtained for multiengine
aircraft, and the 1o0ad factors obtained were therefore
smaller.

Only a few recoveries were obtained for this model.
It appears, however, that recovery either by rudder re-
versal alone or by simultaneous rudder and elevator re-
versal from the aileron- with, elevator— up spin was re—
tarded as the spanwise mass was increased.

The results obtained with, model II (table II, chart
2) were similar to those obtained with model 1; although
the aileron and elevator effects did not reverse until
more extreme values of the IYMP were obtained, The ailer—
on effect did not reverse completely until the value of
the IYMP was 97 x 10—% and the elevator effect did not
reverse comple tely until the parameter value was 135 x 10—%,
All spins for which complete data were obtained were flat—
ter than typical multiengine spins and gave smaller load
factors.

The recoveries obtained by rudder reversal alone for
all aileron— neutral, elevator— up spins were practically
the same for all loading coaditions tested. Too few re—
coveries were obtained from the other conditions to show
any definite trend.

Model III (table If, chart 3) was more heavily loaded
along the wing in its normal lcading condition than any
of the other single—engine models tested, and the value
of the IYMP was —15 x 10-%, This model had the aileron
effect typical of rnultiengine aircraft; that is, with
ailerons set against the spin, the model.would not spin
when the elevator was neutral or down and the vertical
velocity of the model was too high to test when the ele-
vat~r was up, ailerons against the spin; whereas, when
the ailerons were neutral or with the spin, the spins
were at moderate angles of attack (a from 40° to 45°).
Except when the ailerons were against the spin, the ele-
vator effect was slight,
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As a first step in an endeavor to obtain the normal
single—engine spin characteristics, the spanwise mass was
decreased as much as possible The naximum negative value
of the IYMP o¢obtainable was 40 X 10°%*., At this value of
the parameter, control effects were not definite, as all
ailercn-agains®t spins and all olevator— up spins were too
oscillatory to test. The spins for which data were ob—
tained were qalte steep (a from 32° to 38°),

When the spanwise mass distribution was increased
until the IYMP was 8 x 10-¢4, the spin characteristics of
the model were not changed appreciably from the charac-
teristics obteined with the model in its normal loading
condition, except that the model would not spin for this
loading when the ailerons were neutral and the elevator
was down, Further increases In the spanwise mass distri-
bution to parameter values of 62 X 10™*and 90 X 10~=* had
little further effect. %ot enough recoveries were obtained
for this model to shew any trends in recovery character—
istics.

The resalts obtained with nodel IV (table II, chart A)
were similar to those obtzined with model I. The aileron
effect was reversed at a value of the IYMP of -2 x 107 .

The elevztor effect was reversed at a parameter value of
62 x 17 =,

The aercdynamic effect of nacelles on the wings was
determined on this model by testing the model first with
the nacelles of the multiengine model installed and then
with the nacelles removed but with equivalent weights in-—
stalled, The effect wag found to be samall, the nacelles
marely tending to reduce the rates of descent gomewhat.
Fer this model, also, too few recovery tests were made to
note any trend in the recovery characteristics.

The results obtained for model V (table II, chart 5)
also resesbled. the results obtained for model I. The
aileron effsct was reversed at a value of the IYMP of
35 x 107 %, and the eIevator effect was reversed at a param—
eter value of 120 x 10~* The spins for which complete
measurements were obtalned for the extreme loading condi—
tions (IYFP = 120 x 10~% and 215 x 10™*) were flatter than
typical multiengine spins, Increasing the spanwise mass
retarded the recoveries by rudder reversal alone from the
aileron— neutral, elevator— up condition. The other recov-—
eries obtained did not show much, except that, at the
extreme wing—heavy loading conditions, recovery from the



aileron— with, elevator— up spins was impossible by either
rudder reversal alone or simultaneous rudder and elevator
reversal.

Model VI (table II, chart 6) represented a multien—
gine aircraft. For the normal loading condition the value
of the IYMP was 76 x 10-% and the model spun only when the
elevator was full up and the ailerons were neutral or with
the spin. The atleron-with spin was rather steep (a= 36°)
and the rate of descent was quite high (207 fps). The
aileron— neutral spin appeared to be steeper and the model
descended with a vertical velocity too high to test,

As the first step in the attempt to simulate single—
engine load distribution the spanwise mass was decreased
as much as was practicable, and a value of —11 x 107* for
the IPMP was obtained, For this condition the model spun
for all the aileron— with settings and also when the ailer—
ons were neutral and the elevator was up or neutral. The
aileron— with, elevator—up spin was too oscillatory to
test. The angles of attack varied from 31° to 33° for
the spins obtained.

As it was not practicable to remove more mass from
the wings of the model, mass was added along the fuselage
in an endeavor to obtain a high negative value of the
IYMP. When the value of the parameter was —61x 10=% the
model spun for all control settings except when the ailer—
ons were against the spin and the elevator was down. The
angles of attack of the spins for which complete measure—
ments were obtained varied from 28° tc 34°,

The aerodynamic effect of the nacelles was determined
by removing them from the model and installing equivalent
weights in their places. The most noticeable effect was
that, without the nacelles, the aileron— with spins were
from 8° to 16° flatter than they were with the nacelles
installed. The value of a, varied from 28° to 46° for
the spins obtained.

When the nacelles were removed and no equivalent
weights installed, the value of the IYMP was —91 x 104,
and the model spun for all cocmbinations of aileron— elevator
settings. The aileron— against spins were slightly steeper
with higher rates of descent than %heaileron— with spins
when the elevator was up or neutral; whereas the opposite
was true when the elevator was down. The elevator posi-—
tion affected only the wing inclination f. AIl spins
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were steep, the angle a varying from 24° to 32° for
this condition.

DISCUSSION

It has been shown in reference 1 that multiengine
aircraft spin steeply and descend with vertical veloci—
ties which may be as high as 340 feet per second or even
higher. The load factors may be as large as 2.7 o0r even
larger. Movement of the elevator down and of ailerons
against the spin is especially effective for recovery.
Single—engine airplane spins may be either steep or flat
with either high or low rates of descent and either high
or low load factors. The rudder IS the most effective
control for recovery, and the ailerons should be moved
with the spin to expedite recovery further.

In their normal loading conditions, the five single—
engine models tested bad, for tho control settings for
which complete data were obtained, angles of attack vary-—
ing from 80° to 28° and rates of descent varying from 110
t o more than 272 feet per second. The load factors varied

from 1.0 to 2.1. It should be realized that, because of
scale effect, the range of load factors experienced by
the full—-scale airplane may differ from the range obtained

in the model tests. At the extreme spanwise loading con-—
ditions the angles of attack varied from 64° to 35°, the
rates of descent varied from 180 to more than 272 feet per
second, and the load factors varied from 1.1 to 1.7. For
these extreme loadings, the steep spins with the high
rates of descent were in all cases obtained with aileron—
against settings, The aileron— withspins obtained were,
in general, at higher angles of attack with lower rates
of descent and smaller load factors than typical multi—
engine spins. It appears, therefore, that the spanwise
mass distribution does not determine the attitude of the
soin for single—engineaircraft.

The control effects cbtained for all single—engine
models in their normal conditions, except model III,
which was heavily loaded along the wings, were typical
of single—engine aircraft. Aileron—-with settings gave
steeper spins with higher rates of descent than did
aileron— against settings. Elevator—up settings usually
gave Steeper spins with higher rates of descent than did
elevator—down settings; although in several instances
this effect was negligible.
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At the extreme spanwise— loading conditions, aileron—
against and elevator—down settings tended to prevent
spins, as is typical of multiengine airplanes. The ai-
leron effect reversed at values of IYMP from —20 x 10—%
to 70 x 10~* for two models and from —156 x 10~% to
30 x 10-* for the other three. The elevator effect re-
versed at values from —25 x 10-¢ to 60 x 10-% for three
models, between a value of 35 x 10-% and 120 x, 10-% for
one model and between 97 x 10-% and 135 x 10~% for the
other. A study of the charts shows that for the aileron-—
neutral, elevator—down spins, as the values of the IYTMP
were increased, there were only relatively small decreases
in angles of attack and increases in airspeeds up to cer—
tain points. At these points sharp transitions occurred,
as further increases in the IYMF led to conditions where
the models would not spin.

Reference 2 gives more definite reversal regions for
both the aileron and the elevator effect, but it must be
remembered that recovery charscteristics were considered
in determining thoss regions; whereas only steady-—spin
characteristics were considered in the current tests. It
it believed that, for loading conditions In which Iy

is greater than Iy, the angle of attack and airspeed

may not be indicative of the effectiveness of the rudder
in recovery, which probably accounts in part for the ap—
parent discrepancies in the reversal regions found in
reference 2 and in the present report.

The multiengine model in its normal loading condition
spun at an angle of attack of 36° with a rate of descent
of 207 feet per second and had a load factor of 1.7 for
the one control setting for which results could be ob-—
tained, As the single—engine loading condition was ap—
proached, no tendency was observed for the spin to become
flatter with lower rates of descent and smaller load fac—
tors. At the loading condition where the value of the
ITMP was —91 x 10~%, for example, the angles of attack of
the spins varied from 32° to 24°, the rates of descent
ranged from 211 to 250 feet per second, and the load fac-
tors varied from 1.9 to 2.5. In the normal loading con—
dition the control effect was typical of multiengine air-—
craft, as the model would not spin for elevator-—down and
aileron— against settings. At the extreme loading condi—
tion with the spanwise mass decreased and the longitudinal
mass increased, neither the ailercn nor the elevator effect
was definite.
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The results of these tests show that the angles of
attack and, hence, the load factors do not vary system-—
atically with spanwise loading, indicating that the span-
wise loading is not the sole factor determining the dif—
ferences in the spins of the two types cf aircraft. The
control effects did, however, vary in a consistent manner
as the spanwise loading was varied.

As previously mentioned, the values of the inertia
rolling— moment parameters obtained for the single— engine
models at the extreme loadfng conditions were greater
negatively and the values of the inertia pitching— moment
parameters were greater positively than typical multien—
gine values. The values of the inertia pitching— moment
parameters remained constant at their normal single—engine
values, as adding weight to the wings increased both kg,
and kg by equal amounts, The persistent flat spine

obtained may have been associated with one or both of these
factors. Further research is in progress to isolate the
effects of these factors.

In one loadiog cordition the multiengine model hagd
values of the inertia rolling— acd pitching-moment param-—
eters that were very close to typical sinslie—engine values.
This nodel had a twin tail and, consegquently, an exception-—
ally high value for the tail-damping power factor. This
condition may account for the steep SPiNsS that persisted
throashout the loading conditions tested. If txre value
of the tail-damping power factor had not been so great,
the inertia effects might have predominated over the aero-
dynamic effects and flatter spins, with typical single—
engine spin characteristics, might have been obtained,

The values of tail—damping power factcers of seversl of
the single -engine models tested were not greatly alffer-

ent from the values listed for several of the multiengine

rodels of reference 1, although they were tonsideradly
iower than the values for the multiengineé model tested
herein.

CONCLUGIONS
The results of this series of teste lead to the fol-
lowing general conclusions:

1. The difference in the proportions of tho loading
carried in the wings for single—engine and nultiengine
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airplanes, as expressed by the inertia yawing—moment param-
eter, does not appear to be the factor controlling the
angle of attack of an airplane in a spin.

2. The difference in spanwise lcading appears to bear
a consistent relation to the relative effectiveness of the
ailerons and elevator on the recovery characteristics.

Langley Memorial Aeronautical Laboratory,
National Advisory Cummittee for Aeronautics,
Langley Field, Va.
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TABLE II
CONDITIONS TESTED WITH VARIOUS MODELS
[All changes, except where indicated, mads
by increasing mass along wing]
Mass parameter
Condition b/ky | b/ky | b/k, l kx2-ky2 ky2-kz2 kz2-kx2
}:>2 b2 b2
I [ ’y
Normel loading .gg l E.gg ' -Z;Ixm‘u i :iO%xlO’EF
ix i:ol; 6.88 Mi-61 62 -260 198x10-k
uggilll
Normal loading | 9.54 5.89 -96x10~4 -86x10-4
I 6.91 l 5.06 L -186 L
I% 60% 6098 ogg g; "g é 182)(10-
111 5. . -
1v 5-1&1‘ 37 | 135 -1,00 .
__Model III
Normal loeading g.eo 5. 89 -15x10-4 | -141x1074
&1 L6 5.81 | =40 -117 -
11 7.30 P7.46 {5.40 8 -16 156x107% |
I11 6.3)4 Z.Ol 62 =21
v 6.10 .85 | 90 =246
Model IV \
Normal loading | 9,60 ) (6.2l | -81x10-4 -67x10~4
I «30 50&6 -2 "1)46 h‘
11 +30 §7.25 }5.00 | 62 -211 148x10-
111 5.99 2.8% 90 ~-238
IV and IVs 5.70 4« 6 118 -265
(effect of
nacelles)
1V : B
® 0 \ V ® 1 -1 6!10‘4 - 17‘10-
Korma% loading g.%} 6.06 [2.36 gS B 2o6x10-
11 Z.os ’ .02 | 120 -3L,6
Model VI : =iy
Normal loading | 6.56 | 8.08 [5.25 76x10~4 =21, x10-4 137x10°
:1 8.45 | 8.13 6.01(2 -11 -122 igz
II 8. 7.05 15.5 -61 =12
111 B.ﬁg T.05 5.3)4. -6} -126 186
dry 9.51 | 7.05 |5.80 | -91 -96 187

%Mass along wing decreased. )
boondition | and mass along fuselage increased.

Cstarting with condition 11, nacelles removed and equivalent weight
installed.

dgtarting with condition 111, equivalent weight of nacelles removed.
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Figs. 1,2
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Figure 3.- Model 111. A 1/20-scale model of the Vought-Sikor-
sky XF4U-1 airplane.

Figure 4.- Yodel IV. A 1/16-scale model of the Vought V-143
airplane (long tail).



Figs. 5,6
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